ABSTRACT. Nucleotide sequences of 16S rDNA and rpoB gene of 25 bovine and 6 ovine Histophilus somni strains were determined to detect subtle differences between the host animal species. The 1465 nucleotide residues of the 16S rDNA exhibited levels of sequence similarities of 99.4% or more. The high sequence similarity of the 16S rDNA of recently described species H. somni was confirmed in the 31 strains from cattle and sheep. These results suggested that the intra-specific diversity of 16S rDNA was limited in bovine and ovine strains of H. somni. The specific association of strains was also observed in the 311 bp region of rpoB gene which sequence similarities were 98.6% or more. However, the phylogenetic tree analysis of the rpoB gene showed that the ovine strains appeared to form a subgroup recovered in 70% of the bootstrap trees. In the 311 bp region of the ovine strains, a HincII restriction endonuclease site was detected. The PCR-amplified rpoB DNA of 46 bovine and 20 ovine H. somni strains were examined for the digestion with HincII. As the results, 17 strains of ovine strains were cleaved by the enzyme but none of the bovine strains appeared to possess the restriction site. The restriction enzyme analysis of rpoB gene may be useful to differentiate ovine strains from bovine strains of H. somni. H. somni was a recently described bacterial species as a combination of "Haemophilus somnus", "Haemophilus agni" and "Histophilus ovis" [1] . The organisms can be pathogens responsible for substantial economic losses in cattle and sheep industries due to a variety of diseases, such as thrombotic meningoencephalitis, pneumonia, myocarditis, and reproductive disorders in cattle [17, 18, 27] as well as mastitis, septicemia, and reproductive disorders in sheep [4, 18, 38] . H. somni is also distributed in nasopharyngeal tracts and reproductive organs of healthy animals [8-11, 19, 20, 29, 41, 45]. Based on the profiles of outer membrane protein, a restriction endonuclease analysis, PCR-based fingerprinting analyses and a DNA reassociation analysis, it has been suggested that there are host-specific subgroups in the organisms [3, 23, 46, 47] . Up to the date, however, no simple mean to differentiate between bovine and ovine strains of H. somni has been available. Such a method reflecting on the boundary can be a useful tool for understanding the epidemiology of the organisms. Based on the phylogenies of the 16S rDNAs, H. somni strains are clearly distinguished from the related taxa in the family Pasteurellaceae [1] . In addition to the use of 16S rDNA sequencing for taxonomic purposes, subtle sequence differences in the 16S rDNA sequence were recently reported to be useful for species identification [34, 39] and for subtyping and identifying hyper-virulent bacterial clones [5, 31, 33] . For the same purposes, the rpoB gene encoding the β-subunit of RNA polymerase has been studied for many bacterial species, such as Bacillus [24] although sequence stretches or cluster groups corresponding to the host-specific subgroups were not clear due to the use of limited number of bacterial strains.
H. somni was a recently described bacterial species as a combination of "Haemophilus somnus", "Haemophilus agni" and "Histophilus ovis" [1] . The organisms can be pathogens responsible for substantial economic losses in cattle and sheep industries due to a variety of diseases, such as thrombotic meningoencephalitis, pneumonia, myocarditis, and reproductive disorders in cattle [17, 18, 27] as well as mastitis, septicemia, and reproductive disorders in sheep [4, 18, 38] . H. somni is also distributed in nasopharyngeal tracts and reproductive organs of healthy animals [8-11, 19, 20, 29, 41, 45] . Based on the profiles of outer membrane protein, a restriction endonuclease analysis, PCR-based fingerprinting analyses and a DNA reassociation analysis, it has been suggested that there are host-specific subgroups in the organisms [3, 23, 46, 47] . Up to the date, however, no simple mean to differentiate between bovine and ovine strains of H. somni has been available. Such a method reflecting on the boundary can be a useful tool for understanding the epidemiology of the organisms. Based on the phylogenies of the 16S rDNAs, H. somni strains are clearly distinguished from the related taxa in the family Pasteurellaceae [1] . In addition to the use of 16S rDNA sequencing for taxonomic purposes, subtle sequence differences in the 16S rDNA sequence were recently reported to be useful for species identification [34, 39] and for subtyping and identifying hyper-virulent bacterial clones [5, 31, 33] . For the same purposes, the rpoB gene encoding the β-subunit of RNA polymerase has been studied for many bacterial species, such as Bacillus [24] , Bartonella [37] , Borrelia [28] , Legionella [25] , Staphylococcus [14] , mycobacteria [22] and enteric bacteria [32] . The rpoB sequences of H. somni strains have been determined and analysed phylogenetically [1] although sequence stretches or cluster groups corresponding to the host-specific subgroups were not clear due to the use of limited number of bacterial strains.
To estimate the sequence heterogeneity among H. somni strains, we have determined the 16S rDNA and rpoB sequences of bovine and ovine strains of the organism. In the rpoB sequences of the ovine strains, we found a site recognized by a restriction endonuclease HincII. This report also examined the restriction site for the specificity and the discrimination of the ovine H. somni strains from the bovine strains.
MATERIALS AND METHODS
Bacterial strains and genomic DNA isolation: Twentyfive bovine and 6 ovine strains of H. somni used for both of the sequence analysis, the 16S rDNA and the rpoB were listed in Table 1 . These were also examined for the restriction endonuclease (HincII) degradation. Additionally, 21 bovine and 14 ovine strains, which were provided by Dr. R. Parton of the University of Glasgow, were mainly used for the degradation by HincII endonuclease. Of these strains, the 21 bovine and 10 ovine strains were not examined for the sequence analyses as shown in Table 1 . Bacteria were cultured on a brain heart infusion (BHI) agar (DIFCO Laboratories) plate supplemented with 5% defibrinated sheep blood and with 0.5% yeast extract (DIFCO Laboratories) for 18 to 24 hr at 37°C under 7% CO 2 . The culture was used for the extraction of bacterial genomic DNA with a DNA extraction kit (AquaPure Genomic DNA Isolation Kit; BioRad Laboratories) according to the manufacturer's instructions PCR amplification: To amplify the 16S rDNA, PCR was p e r f o r m e d w i t h a p a i r o f p r i m e r s , 1 6 S f 1 ( 5 ' AGAGTTTGATCATGGCTCAG 3') and 16Sr1 (5' ACG- a) H. somni strains of bovine origin whose nucleotide sequence of the 16S rDNA or the rpoB was not determined, were SA01, SA02, SA03, SA04, SA05, SA06, SA07, SA11, SA13, SA14, SA15, SA17, SA19, SA20, SA21, SA22, SA23, V3, V8, X1 and X4. b) H. somni strains of ovine origin whose nucleotide sequence of the 16S rDNA or the rpoB was not determined, were SA16, SA24, SA27, SA29, SA44, SA45, SA46, SA55, SA56 and SA73. c) TME, Thrombotic meningoencephalitis.
GTTACCTTGTTACGACTT 3'), and with KOD-plus DNA polymerase (Toyobo) according to the manufacturer's instructions. The amplified DNA was separated by agarose gel electrophoresis, and the specific DNA fragment was purified using a QIAquick Gel Extraction Kit (QIAGEN) according to the manufacturer's instructions. A part of the rpoB gene was amplified using a pair of generic primers, rpoBfw (5' ACCACTTAGGTAATCGTC 3') and rpoBrv (5' AATTGGACAAACTCGACC 3'). The construction of these primers was based on the sequence data of H. somni strain 129Pt and Pasteurella multocida strain Pm70. The PCR procedure and the purification of its products were performed as the same manner as for the 16S rDNA, excepting for the annealing temperature.
Sequence determination: The purified PCR products were used for the direct DNA sequencing using a Dye Terminator Cycle Sequencing Core Kit (Applied Biosystems) with a panel of oligonucleotide primers for the 16S rDNA or for the rpoB. In the cases of H. somni strains 43, 719 and 1P, the sequence determination of the 16S rDNAs became failures in spite of the effort of the direct sequencing. To determine sequences, each of PCR products was introduced into a plasmid pCR-BluntII-TOPO (Invitrogen). We used the recombinant plasmid as a template of the sequence reaction, which were performed for 3 or more clones of each sequence.
Sequence data analysis: The nucleotide sequences of the 16S rDNA or the rpoB determined in this study were edited and aligned by the use of the Genetyx-Mac version 11.2 (Genetyx) and of the Clustal-X (ftp://ftp-igbmc.u-strasbg.fr/ pub/ClustalX/). The multiple alignments of the sequences were performed along with the sequences retrieved from the DNA database (Table 1) . For the phylogenetic analyses, the nucleotide residues with a gap or with an ambiguity were removed from the alignment. Evolutionary distance values were estimated using the DNADIST program of the PHYLIP, Phylogeny Inference Package, version 3.573c, and the neighbor-joining trees were constructed by the NEIGHBOR program of the PHYLIP as described previously [6] . Using the program package, the topologies of the trees were evaluated by a bootstrapping method.
HincII endonuclease analysis for rpoB: The PCR amplified DNA of the partial rpoB gene was purified using a QIAquick PCR Purification Kit (QIAGEN) according the manufacturer's instructions. The purified DNA was used for the degradation by the HincII endonuclease (Toyobo).
Nucleotide sequence accession numbers: The nucleotide sequence data reported in this paper appear in the GSDB, DDBJ, EMBL and NCBI nucleotide sequence databases with the accession numbers listed in Table 1 .
RESULTS

Nucleotide sequences of H. somni 16S rDNAs:
In this study, nucleotide sequences of the 16S rDNA were determined for 25 bovine and 6 ovine strains of H. somni. Approximately 92% of the nucleotide residues were determined, which corresponded with the nucleotide residues 28 to 1491 followed the Escherichia coli numbering system. As described in the section of materials and methods, the sequences of several H. somni strains were determined using 3 or more clones. The nucleotide residue 194 of the strain 719 was, depending on the clone, C or T (Table 2) . Sequence divergences were found at 14 nucleotide residues of the 16S rDNA including 2 deficiencies at residues 211 and 212 (Table 2) . Five of which were ambiguous or clone dependent residues and these positions were residues 83, 182, 183, 194 and 210. Percent similarities were 99.4% or more between sequences of the H. somni strains examined.
Phylogenies of H. somni 16S rDNAs: Close relatedness of the strains of H. somni, as indicated by the sequence similarities, was also apparent in the neighbor-joining tree of the 16S rDNA (Fig. 1) . Consequently, no distinct subgroup was detected. The cluster of the species of H. somni had a deep subline branching from a position which was close to the other nodes for the species of family Pasteurellaceae examined in this study (Fig. 1 ). The sequences of the H. somni strains were recovered in 100% of the bootstrapped trees. Every nodes and peripheries in the cluster for the species of H. somni were close to each other (evolutionary distance values were 0.003 or less).
Nucleotide sequences of H. somni rpoB: The nucleotide residues from 1355 to 1665 (E. coli numbering system) of the rpoB gene were also determined for 25 bovine and 10 ovine strains of H. somni. The results obtained from the alignment data exhibited the level of sequence similarities of 98.6% or more. The nucleotide divergences were found at 7 residues in the 311 bp sequences (Table 3) . Eighteen of 25 bovine strains were identical in the sequences determined, including the type strain of the species. The divergences between the bovine and ovine strains were detected at residues 1608 and 1611 (Table 3 ). For most of the bovine strains, Ts were found at both of the residues, while the ovine strains would have Gs at the sites. The exceptions were seen in the bovine strain of N811 (G1608) and in 3 ovine strains of SA08, SA69 and SA72 (T1608 and T1611).
Phylogenies of H. somni rpoB:
The robustness of the close relatedness of the species of H. somni was confirmed in the neighbor-joining tree of the rpoB (Fig. 2) . Contrary to the 16S rDNA tree, somewhat distinct subgroup consisting of 7 ovine strains was detected. This subgroup was recovered in 70% of the bootstrap trees.
HincII endonuclease analysis for H. somni rpoB: The nucleotide change from T to G at the residue 1611 resulted in the generation of a HincII endonuclease recognition sequence, GTTAAC. In this study, 46 bovine and 20 ovine strains of H. somni were examined for the HincII degradation. As shown in Table 4 , the rpoB fragments of the bovine strains examined were resistant to HincII, while the PCR amplified DNAs of 347 bp in 17 out of 20 ovine strains were cleaved into a 277 and a 70 bp fragments by the restriction enzyme (lanes 1 and 2 in Fig. 3 ). As exceptions, 3 ovine strains, SA08, SA69 and SA72, which lacked the HincII site were not degraded. The difference in the sensitivities to HincII for origins of H. somni strains was calculated using the Fisher's exact test. The significance was detected between the bovine and ovine strains (p<0.0001).
DISCUSSION
The aim of this study was to estimate the subtle genetic differences between bovine and ovine strains of H. somni. We showed here the species specificity of the 16S rDNA for H. somni. Detecting a specific sequence of the 16S rDNA in order to identify H. somni strain will be possible because of the sequence similarities and the length of the subline for the species cluster (Fig. 1) . The improvement of the identification for H. somni such as the discrimination of bovine from ovine strains is important challenge in the diagnoses of the infection. Appuhamy et al. have noticed that a PCR ribotyping analysis potentially distinguishes bovine from ovine strains of "H. ovis" [3] . However, no significant residue was detected in the 16S rDNA for both of origins. Furthermore, in the primary sequence of H. somni strain 2336 whose genome sequencing is in process, it is demonstrated that several nucleotide changes were not identical in copies of the 16S rDNA. Such the diversities were also found in the sequences determined as instances the nucleotide residues 83, 194, 211 and 212. From the facts described above, we may conclude that the 16S rDNA is not suitable gene for the differentiation of bovine from ovine H. somni strains.
On the other hand, our treeing analysis based on the rpoB sequence exhibited somewhat distant relationship between ovine and bovine strains of the organisms. The usefulness of the rpoB sequences for the discrimination of the other taxa of bacteria has been reported [22, 32] . Although the level of divergence was low between the bovine and ovine H. somni strains examined, 2 of the 311 nucleotide residues, 1608 and 1611 differentiated 2 subgroups of the strains. In other words, the high level of sequence similarity may suggest the conservation and stability of the sequences. One of the nucleotide changes enabled to develop a simple test with the PCR amplified DNA which was easy to distinguish the subgroups.
The HincII endonuclease degradation demonstrated in 85% of the ovine strains and it was not detected in all of the bovine strains examined. For the highly significant observations, there is a strong possibility of the nucleotide substitution as one of the definitive signatures for subgrouping of bovine and ovine strains. However, we encountered 3 ovine strains, which had no HincII site. The 311 bp rpoB sequences of these strains were identical to those of the most of bovine strains. This may suggest that the ovine strains having the atypical property have been transmitted from cattle. In order to validate the HincII degradation test, the test must be carried out with more H. somni strains from diverse sources, including various geographical areas, disease conditions and animal species as well as with more H. somni 
